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ABSTRACT 

  ««ir  smu  mom; 

Acceptable  yields  of  2  X  4  studs  in  marketable  grades  can  be 
recovered  from  lodgepole  pine  logs  having  certain  character- 
istics. Severe  defects  seriously  reduce  yield  of  better  grades 
of  studs. 

Lodgepole  pine  has  been  marketed  successfully  in  a  variety  of  lumber  products. 
The  uniform  texture,  characterized  by  small  tight  knots,  and  the  relative  straightness 
and  lack  of  taper  in  trees  have  combined  to  make  lodgepole  an  ideal  species  for  ties, 
boards,  and  dimension  lumber . 

Lodgepole  pine  manufacturers,  faced  since  1960  with  loss  of  the  1 -inch  board 
market  to  plywood  and  other  sheet -formed  material  producers,  have  discovered  that 
the  species  is  especially  well -suited  for  manufacture  of  2  X  4  studs.   Demand  for 
these  8 -foot  framing  members  used  in  house  construction  has  been  increasing;  as  a 
result,  many  sawmills  have  been  designed  to  produce  studs  exclusively. 

Manufacturers  are  interested  in  the  ratio  of  high-  to  low-grade  material 
resulting  from  any  production  mix.    The  study  reported  here  sought  to  determine 
the  effect  of  several  intrinsic  and  finite  tree  characteristics  on  the  grade  yield  of 
lodgepole  pine  studs. 


1This  study  was  conducted  in  cooperation  with  the  U.S.  Forest  Service  Inter- 
mountain  Region  Office,  the  Tar  ghee  National  Forest,  and  Idaho  Stud  Mills,  Inc., 
of  St.  Anthony,  Idaho. 

2  Principal  Wood  Technologist,  headquartered  at  Forestry  Sciences  Laboratory, 
Missoula,  Montana,  maintained  in  cooperation  with  the  University  of  Montana. 


GRADES  AND  SPECIFICATIONS  FOR  STUDS 


Lodgepole  pine  studs  used  in  this  study  were  graded  in  accordance  with  the  lum- 
ber grading  rules  of  the  Western  Wood  Products  Association.3   Lumber  must  meet 
Association  standards  of  proper  grading  and  stamping  by  certified  lumber  graders  at 
the  producing  mill  in  order  to  compete  on  the  national  market. 

Lumber  grades  are  based  on  the  size  and  location  of  knots,  dimensions  of  the 
piece,  straightness,  and  other  features.  The  standards  provide,  according  to  grading 
rules,  "a  measure  of  value  between  mills  manufacturing  the  same  or  similar  woods, 
by  harmonizing  the  differences  existing  between  different  stocks  of  lumber  regardless 
of  the  character  of  the  logs  from  which  they  were  produced. . .  ."  Therefore,  a  given 
grade  represents  the  same  value  and  use  regardless  of  its  mill  of  origin. 

The  grades  considered  in  this  study  were  labeled  "Construction"  for  the  best 
lumber,  "Standard"  for  better  lumber,  "Utility"  for  good  lumber,  and  "Economy" 
for  poor  but  usable  lumber.   These  grades  conform  to  national  lumber  sales  specifi- 
cations and  are  comparable  to  lumber  grades  of  other  regional  producer  associations. 

The  WWPA  grading  rules  permit  1/4 -inch  crook  or  twist  in  Construction  or  better 
grade  studs,  5/16 -inch  in  Standard  grade  studs,  and  3/8 -inch  in  Utility  grade.  Because 
of  certain  needs  in  dry  wall  masonry  construction,  many  architects  and  builders  re- 
quire the  use  of  Standard  and  better  grade  studs,  which  conform  to  higher  standards 
of  straightness.   Construction  and  Standard  grade  studs,  being  in  greater  demand,  are 
most  readily  sold  by  manufacturers  and  bring  the  highest  prices. 

STUDY  PROCEDURE 

For  this  study,  119  trees  were  selected  from  more  than  2,000  to  represent  woods- 
run  lodgepole  pine  in  the  Targhee  National  Forest  in  Idaho.    The  range  of  natural  tree 
qualities  in  lodgepole  is  relatively  limited;  so  no  extremely  "rough"  trees  nor  outstand- 
ingly superb  trees  were  included.   The  resulting  lumber  grade  yields  closely  approxi- 
mated those  experienced  by  industry  in  southeastern  Idaho  from  a  "good  run  of  timber." 
From  such  stands,  yields  of  71  percent  Standard  and  Construction  from  logs  without 
defect  are  reasonable,  just  as  unmerchantable  yields  of  less  than  5  percent  are  usual. 

The  seven  tree  characteristics  investigated  in  this  grade -yield  study  included 
short  butt  crook,  stem  crook,  sweep,  forked  stems,  eccentric  pith,  fluted  butts,  and 
spiral  grain.4  Additional  logs  containing  none  of  these  specified  characteristics  were 
included  as  a  control  sample.   Each  sample  tree  was  selected  to  represent  one  char- 
acteristic and  was  color  coded  for  this  characteristic  and  for  d.b.h.  class.  Trees 
showing  excessive  roughness  were  excluded  from  the  sample  groups. 

"Standard  Grading  Rules- -1965"  published  by  Western  Wood  Products  Associa- 
tion, 700  Yeon  Building,  Portland,  Oregon  97204. 
4These  characteristics  are  described  on  p.  6. 
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Within  each  of  the  seven  characteristics  classes  and  the  control  sample,  trees 
were  selected  for  four  3-inch  d.b.h.  classes:  7-9,  10-12,  13-15,  and  16-18  inches.  A 
maximum  of  four  trees  was  planned  for  each  diameter  class,  but  four  of  the  32  sample 
groups  could  not  be  filled.   Each  of  the  119  trees  selected  was  scaled  by  a  Forest 
Service  scaler  in  the  mill  yard;  this  produced  a  net  scale  totaling  10,290  board  feet, 
Scribner  Decimal  C . 

For  milling,  logs  were  sorted  into  characteristics  classes,  debarked,  cut  into 
nominal  8 -foot  lengths,  and  sawed  by  scrag  mill  and  edger  into  2X4  studs.  The 
yield  of  2,  321  2X4  studs  totaled  11,  400  board  feet. 

The  study  lumber  was  machine  -stacked  and  dried  on  the  kiln  schedule  of  the 
cooperating  mill.  This  schedule  was  reported  to  dry  the  lumber  to  a  final  moisture 
content  of  10  to  13  percent,  with  gradients  averaging  1  percent  after  equalization  and 
conditioning.  The  lumber  was  surfaced  and  later  graded  by  certified  WWPA  lumber 
graders,  leaving  ends  untrimmed  to  preserve  color  identifications.  After  the  grading, 
an  individual  piece  tally  was  made  and  essential  data,  including  tree  characteristics 
class,  d.b.h.  class,  board  size,  and  lumber  grade  were  recorded. 

RESULTS  AND  DISCUSSION 

In  2  X  4  stud  recovery,  grade  yield  decreased  as  the  more  severe  tree  character- 
istics were  introduced  (table  1).   Forked  stems  markedly  reduced  recovery.    Logs  in 
this  class  yielded  the  greatest  volumes  of  unmerchantable  studs  and  the  smallest 
amount  of  Standard  and  Construction  grade  lumber.   Since  we  were  unable  to  fill  the 
allotted  sample  in  the  16-  to  18 -inch  diameter  class  of  forked  stems,  total  board -foot 
recovery  was  low.     Even  so,  we  believe  the  data  here  generally  indicate  actual 
distribution  of  grade  recovery  from  forked  trees. 

Table  1  also  shows  that  the  larger  trees  yielded  proportionately  more  high-grade 
lumber  than  the  smaller  trees.   Most  of  the  studs  (61 -percent  of  total  recovery)  from 
the  larger  trees  were  graded  either  Construction  or  Standard.  The  cumulative  per- 
cent of  grade  recovery,  including  pieces  classed  as  unmerchantable,  is  shown  in 
table  2. 
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Table  1 .  -  -Stud  yield  in  board-foot  measure  by  diameter  class,  lumber  grade, and  tree  characteristic 


D.b.h. 

class 
(inches) 

Lumber  grade 

D.b.h. 

class 
(inches) 

Lumber  grade 

Construction 

Standard 

Utility 

Economy  I  Unmerchantable1: 

Total 

Construction 

Standard 

Utility 

Economy : 

Unmerchantable1 

1  Total 

CONTROL 

ECCENTRIC  PITH 

7-9 

107 

21 

16 

5 

5 

154 

7-9 

58 

11 

21 

32 

0 

122 

10-12 

185 

53 

32 

53 

5 

328 

10-12 

176 

21 

27 

17 

5 

266 

13-15 

282 

69 

32 

59 

21 

463 

13-15 

192 

85 

75 

75 

48 

475 

16-18 

367 

105 

53 

164 

42 

731 

16-18 

223 

112 

85 

282 

75 

777 

TOTAL 

941 

248 

133 

281 

73 

1,676 

TOTAL 

649 

229 

208 

426 

128 

1,640 

GENERAL  SWEEP 

STEM  CROOK 

7-9 

so 

11 

5 

27 

0 

123 

7-9 

64 

21 

37 

53 

11 

186 

10-12 

170 

M 

21 

26 

0 

249 

10-12 

202 

86 

59 

75 

59 

481 

13-15 

240 

80 

16 

64 

0 

400 

13-15 

192 

117 

59 

144 

32 

544 

16-18 

370 

112 

130 

194 

74 

880 

16-18 

238 

75 

96 

176 

32 

617 

TOTAL 

860 

235 

172 

311 

74 

1,652 

TOTAL 

696 

299 

251 

448 

134 

1,828 

SPIRAL  GRAIN 

FLUTED  BUTTS 

7-9 

0 

0 

0 

0 

0 

0 

7-9 

32 

21 

16 

43 

21 

133 

10-12 

165 

53 

21 

48 

32 

319 

10-12 

96 

32 

59 

59 

11 

257 

13-15 

264 

91 

32 

154 

21 

562 

13-15 

218 

75 

48 

147 

37 

525 

16-18 

171 

75 

64 

186 

43 

539 

16-18 

245 

133 

96 

229 

69 

772 

TOTAL 

600 

219 

117 

388 

96 

1.420 

TOTAL 

591 

261 

219 

478 

138 

1,687 

SHORT  BUTT  CROOK 

FORKED  STEM 

7-9 

75 

42 

5 

5 

5 

132 

7-9 

27 

27 

21 

37 

27 

139 

10-12 

59 

27 

27 

53 

11 

177 

10-12 

48 

75 

48 

64 

21 

256 

13-15 

245 

69 

85 

128 

53 

580 

13-15 

165 

64 

64 

197 

91 

581 

16-18 

123 

27 

21 

120 

27 

318 

16-18 

64 

16 

53 

59 

64 

256 

TOTAL 

502 

165 

138 

306 

96 

1,207 

TOTAL 

304 

182 

186 

357 

203 

1,232 

Total  merchantable,  1 1 ,  400  board  feet . 

Total  unmerchantable. 

942  board  feet. 

Material  classified  as  "unmerchantable"  failed  to  satisfy  the  requirements  for  Economy  grade.  Most  of  the  pieces  thus  classified  contained  excessive 
warp,  bow,  crook,  twist,  and  other  natural  defects. 


Table  2.  -  -Cumulative  lumber  yields  as  percentage  of  total  by  tree  characteristics  and 


lumber  grades 


Tree 
characteristic 

Lumber  grad 

e 

:  Construction 

.  O  td.HU.d.1  U 

:  and 
:  better 

utility 
and  : 
:  better  : 

Hl-OllUIIiy 

and 
better 

:  Unmerchantable 

Control 

56. 1 

70.9 

78.8 

95.6 

4.4 

General  sweep 

52.0 

66.2 

76.6 

95.5 

4.5 

Spiral  grain 

42.2 

57.7 

65.9 

93.2 

6.8 

Short  butt  crook 

41.6 

55.3 

66.7 

92.0 

8.0 

Eccentric  pith 

39.6 

53.6 

66.3 

92.3 

7.7 

Stem  crook 

38.1 

54.5 

68.2 

92.7 

7.3 

Fluted  butts 

35.0 

50.5 

63.5 

91.8 

8.2 

Forked  stem 

24.7 

39.5 

54.6 

83.6 

16.4 

CONCLUSIONS 

Four  conclusions  were  drawn  from  this  study  of  2  X  4  stud  yield  from  lodgepole 

pine: 

1.  In  small  trees,  lumber  yields  by  grades  are  affected  most  by  eccentric  pith, 
stem  crook,  fluted  butts,  and  forkedness. 

2.  In  all  diameter  classes,  forked  trees  yield  relatively  low  percentages  of 
easily  marketable  studs. 

3.  Stem  crook  seems  to  have  about  the  same  effect  on  all  sizes  of  trees. 

4.  The  larger  trees  yield  proportionately  more  high-grade  studs  than  smaller 

trees. 
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SUMMARY 


This  study  showed  that  acceptable  yields  of  marketable  grades  of  2  X  4  studs 
can  be  recovered  from  lodgepole  pine  trees  with  varied  characteristics.    Trees  with 
severe  defects,  particularly  forked  stems,  yield  relatively  small  volumes  of  the 
better  grades  of  studs. 

DESCRIPTION  OF  TREE  CHARACTERISTICS 

Short  butt  crook  is  the  maximum  deviation  from  a  right  cylinder  in  the  section 
of  the  tree  from  ground  line  to  a  height  of  10  feet.    It  is  measured  at  the  point  of 
maximum  deviation. 

Stem  crook  is  a  deviation  from  the  vertical  axis  in  one  or  more  successive 
8  -foot  lengths  both  above  and  below  which  the  stem  is  straight .    Maximum  deviation 
is  measured  between  the  two  points  where  deviation  from  the  general  vertical  axis 
starts  and  stops. 

General  sweep  is  a  continuous  curvature  extending  throughout  one -half  or  more 
of  a  tree  -length  log  in  contrast  to  the  abrupt  deviation  in  butt  or  in  stem  crooks 
that  usually  involve  shorter  sections  of  the  tree  length.     The  curvature  of  sweep  is 
measured  over  the  lengths  of  two  successive  8-foot  logs  at  the  point  of  maximum  devia- 
tion. 

Forked  stem  is  a  divided  trunk  resulting  from  injury  at  the  growing  tip  that 
divided  the  trunk  into  two  stems,  or  from  simultaneous  growth  of  a  lateral  branch 
along  the  leader  that  caused  multiple  forking  along  certain  stems.   Bark  inclusions  at 
the  position  of  forking  is  a  potential  result.     The  height  from  the  stump  cut  to  the 
beginning  of  the  fork  is  recorded. 

A  tree -length  log  was  classified  as  having  eccentric  pith  if  any  radius  from  the 
pith  to  the  bark  on  the  stump  was  greater  than  two -thirds  of  the  diameter  extended  at 
180°  from  that  radius.  To  minimize  confounding  of  eccentric  pith  with  such  charac- 
teristics as  butt  crook,  stem  crook,  and  sweep,  they  were  excluded  from  this  class. 

Fluted  butt  is  a  tree  characteristic  in  which  a  cross  section  of  the  stump  shows 
a  scalloped  periphery  extending  one -half  or  more  of  the  length  of  an  8 -foot  log  in  a 
swelled  butt.   The  severity  of  fluted  butts  is  determined  from  the  cross  section  of  the 
butt  end  of  the  tree . 

Spiral  grain  is  a  deviation  in  grain,  steeper  than  1  inch  in  12,  from  a  parallel  to 
the  vertical  axis  of  the  tree. 

NOTE:  The  Control  sample  of  logs  in  this  study  was  free  from  the  tree  charac- 
teristics described  above.   Only  logs  well  below  the  specified  limits  for  crook,  pith 
eccentricity,  butt  fluting,  and  spiral  grain  were  included  in  the  Control  sample. 
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Figure  1.--A.  Even  after  defective 
sections  are  cut  out  of  forked 
trees,  lumber  yields  of  high- 
grade  studs  are  relatively  low. 
B.  Stem  crook  is  fairly  common 
in  lodgepole  pine.  Badly 
crooked  sections  must  be  trim- 
med off  before  straight  2  X  4's 
can  be  manufactured.  C.  Spiral- 
grained  trees  can  yield  many 
straight  studs  if  manufacturing 
processes  are  good. 
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Figure  2.  --A.  Short,  8- 
foot  logs  can  be  cut 
from  stem -crooked 
trees  if  the  crook  is 
not  too  severe. 
B.  General  sweep  has 
little  effect  on  lum- 
ber yields  when 
short,  8 -foot  logs  are 
desired.  C_.  Green - 
study  lumber  was 
carefully  stacked  and 
dried  in  a  modern 
forced -air  dry  kiln. 
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